The endophytic fungi isolated from leaves of Swietenia macrophylla of different ages were examined for antimicrobial activity. The agar plug diffusion assay was used for primary screening, followed by the disc diffusion method. A total of 461 filamentous endophytic fungi were isolated and cultured to examine their antimicrobial properties. In the primary screen, 315 isolates (68.3%) exhibited activity against at least one of the test pathogenic microorganisms. The percentage of isolates exhibiting antimicrobial activity increased with leaf age. Endophytic fungal assemblages, as well as those isolates exhibiting antimicrobial properties appeared to increase with leaf age. The main antimicrobial compounds were produced extracellularly by the endophytic fungi. The results suggest that healthy leaves at older stages of growth can be a potential source for the isolation of endophytic fungi with antimicrobial properties.
Endophytic fungi are microbial entities that live within photosynthetic living plant tissues by forming symbiotic relationships with the host plants without causing any apparent deleterious consequences. They play a major role in increasing resistance to herbivores, pathogens, and various abiotic stresses [1] .
Endophytic fungi are involved in the defense mechanisms of the host plants against pathogens [2] . To date, endophytes have been extensively studied due to their ability to produce antibacterial, antifungal, antiviral, antioxidant, antidiabetic and immunosuppressive compounds. Medicinal plants are known as a reservoir of fungal endophytes with novel metabolites of pharmaceutical importance [3, 4] . The compounds produced by endophytic fungi can possess unique structures and interesting bioactivities, representing a huge reservoir which offers enormous potential for exploitation for medicinal uses [5, 6] .
Swietenia macrophylla King, family Meliaceae, is a tree commonly known as big leaf mahogany, sky fruit or Honduras mahogany. The species is used in folk medicine and is believed to possess compounds that can treat diabetes and hypertension [7, 8] . Tan et al. [9] reported antimicrobial and antioxidant activities of the methanolic extract of its leaves, whereas Maiti et al. [10] reported the potential use of the methanolic extract of the seeds as an antimicrobial agent. Due to the medicinal value of this plant, we believed that it harbors valuable endophytes with bioactive compounds. Therefore, the objectives of this study were to isolate the endophytic fungi from the various age stages of S. macrophylla leaves and investigate the presence of antimicrobial activity from the respective isolates.
A total of 461 endophytic fungal isolates were successfully obtained from young, mature, old and senescent leaves of S. macrophylla. The number of endophytic isolates recovered increased with leaf age (Table 1) . Senescent leaves were the most densely colonized (157 isolates) compared with the other growth stages of the leaves. In contrast, the least colonized were the young leaves (75 isolates). However, mature and old leaves showed almost the same number of isolates (114 and 115 isolates, respectively). Using The presence of the host plant extract can also affect the endophytes isolated. As shown in Table 1 , there were more isolates grown on MEA with host plant water extract and host plant powder, compared with plain MEA. Statistically, the number of isolates harbored tends to be higher in host plant water extract (U = 139, p = 0.097) and host plant powder (U = 137, p = 0.087) compared with plain MEA. However, there was no significant difference between the number of isolates harbored from MEA with host plant water extract and with host plant powder (U = 186.5, p = 0.714).
In the primary screening for antimicrobial activities (test microorganisms are stated in Experimental), 68.3% of 461 endophytic fungal isolates exhibited significant inhibitory activity on at least one of the test microorganisms. The percentage of isolates exhibiting antimicrobial activities increased with leaf age and was not dependent on the type of test pathogen. Figure 1 shows the percentages of isolates exhibiting antimicrobial activities, which increased from young to senescent leaves. The percentage of endophytes that demonstrated activity against bacteria was higher than those against yeasts and fungi. Using the Kruskal-Wallis H test, the percentage of isolates that exhibited antimicrobial activity is significantly different across the four leaf age stages [χ 2 (3, N = 60) = 16.202), p = 0.001]. Senescent leaves were significantly more densely colonized by endophytes possessing activity in comparison with young leaves (U = 25.5, p =0.000).
The presence of host plant extract can also affect the percentage of endophytes exhibiting antimicrobial activity. There was a higher percentage of isolates that exhibited antimicrobial activity from MEA with host plant water extract and with host plant powder, compared with plain MEA. The result was supported by the Mann-Whitney U test (U = 137.5, p =0.089). Nevertheless, there was no significant difference between MEA containing host plant water extract and host plant powder (U = 7, p =0.773).
Twenty-two isolates which produced diameter inhibition zones of 9-23 mm (data not shown) in the agar plug diffusion assay were chosen for secondary screening. Figure 2 shows the antimicrobial activities of the ethyl acetate and methanol extracts against pathogenic bacteria, yeasts and fungi. The ethyl acetate extracts of these isolates demonstrated greater inhibitory activity than the methanol extracts. However, poor anti-yeast and antifungal activities were observed for both extracts in the disc diffusion assay for all the endophytic isolates studied.
The antimicrobial properties of endophytic fungi are affected by leaf maturity [3] . The number of endophytes that can be recovered from leaf tissue has been known to increase with the age of leaves in several hosts including populations of Stylosanthes spp. [11, 12] , Rhizophora apiculata [13] , Trachycarpus fortunei [14] and Azadirachta indica [15] . The increased density of colonization of older leaves is due to repeated infection of the leaf over time or preference of some endophytes to sporulate during the later growth period [12] .
It was noted that the presence of the host plant affects the endophytes isolated. In the presence of the host plant, the number of endophytes isolated tends to be higher than that without the host plant. Mutual interactions between the host and the endophytes are beneficial not only to the host, but also to the endophytes by supplying nourishment to it [5] . However, no significant effects were noted of the host plant water extract and plant powder on the endophytes isolated. These conditions revealed that the isolation is affected by the host plant nutrients, but not simply the carbon source in the host plant powder.
Leaf maturity affected the numbers recovered of endophytes exhibiting antimicrobial activity. The beneficial effects of endophytes differ with leaf age, which underscores the potential ecological and evolutionary importance of endophyte-mediated protection. Indeed, tropical trees share a consistent pattern in that developing leaves bear high concentrations of chemicals with antimicrobial activity, which peak at or immediately after leaf maturity [16] . Consistent with other species of woody angiosperms, young leaves of S. macrophylla initially lack endophytes, but multiple localized endophyte infections accumulate rapidly as the leaves mature [3] . When maturing, leaves of S. macrophylla appear to receive a relatively greater benefit (host defense) from the endophytes. The matching temporal pattern of increasing endophyte infection and percentages of endophytes exhibiting antimicrobial activity corroborated the hypothesis that endophytes play an important role in host defense [3] .
The presence of host plant material in the culture media led to the isolation of more endophytes exhibiting antimicrobial activity. Yenn et al. [17] reported that host plant chemicals are necessary for the biosynthesis of secondary metabolites. The presence of host plant material not only enhanced the growth of the endophytic fungi, but also inhibiting non-endophytic fungi [18] . Thus, medium incorporated host plant material can be ideal for either the isolation or culture of bioactive endophytes.
Our results demonstrated a broader spectrum of antimicrobial activity of the ethyl acetate extract of the fermentation broth than the methanolic extract of the fungal biomass. These results indicated that the main antimicrobial constituents were produced extracellularly. The observation that the endophytic fungal isolates tend to inhibit bacteria and yeasts rather than fungi emphasizes that different organisms show varying responses to antimicrobial agents. The resistance of fungal species to the crude extract could be due to their morphological structures, which have thicker cell walls and a high percentage of chitin. The chitin is laid down in microfibrillar bundles to form a thick and tough wall structure, which acts as an effective permeability barrier [19] . The activity of an antimicrobial compound depends on the external environment and on the organism itself. Its ability to degrade or inactivate the particular compound must also be considered as there is much evidence for the enzymatic inactivation of antibiotics [20] .
Experimental
Sample collection: Healthy (showing no apparent disease) and fresh leaves belonging to different age stages: young, mature, old and senescent, were chosen in this study. Leaf samples collected from the road side of the Universiti Sains Malaysia campus, Penang, were kept in zip lock bags and transported carefully to the laboratory. The leaf age stages were determined based on color observation and relative chlorophyll content, as shown in Table 2 .
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Isolation of endophytes:
The samples were processed within 4 h of collection. The leaves were initially washed under tap water to remove dust. To sterilize the leaf surface, the leaves were soaked in 1% sodium hypochlorite (2 min for young leaves; 2.5 min for mature, old, and old senescent leaves) followed by rinsing 3 times with sterile distilled water. The leaves were aseptically cut into 5 x 5 mm 2 pieces and placed onto the agar plate containing 200 mg/L chloramphenicol to inhibit bacterial growth. The effectiveness of surface sterilization was checked by imprinting the treated leaves on the agar plate. If no fungal colony developed from the imprinted agar plate, the sterilization can be assumed as effective [21] . Three types of media were used for isolation: Malt Extract Agar (MEA) (Merck, Germany), MEA containing host plant water extract, and MEA containing host plant powder (5 g/L). Host plant water extract was prepared by boiling 2.5 g of host plant powder in 500 mL distilled water for 30 min. The inoculated plates were incubated up to 3 weeks at room temperature (25ºC) and observed every day until the fungal hyphal tips were seen exuding from the plant sample. Small cuts of these growths were then transferred onto the fresh MEA media and repetitive re-plating of the fungal isolate was continued until a pure culture was obtained. Differences in morphology, shape and color help to distinguish between different microbial entities. Pure isolates were kept in glycerol stock containing 5 g/L leaf powder at -20°C. The cultures were subcultured on fresh MEA containing host plant water extract every 6 months to ensure the viability of the isolates. Endophyte assemblages of different leaf age stages were compared and analyzed using the Kruskal-Wallis H test. Pair wise comparison was conducted using the Mann-Whitney U test, if the result from Kruskal-Wallis H were significant. To study the effect of host plant water extract or powder on isolation, the Mann-Whitney U test was performed. Two null hypotheses were used: (1) there is no difference between the numbers of endophytic fungi isolated from different age stages of leaves. (2) There is no difference between the numbers of endophytic fungi isolated using different isolation media. 
Preparation of test microorganisms:

Agar plug diffusion assay (Primary screening):
The antimicrobial activity of the fungal isolates was studied by adopting the modified agar plug method [22] . For the preparation of the agar plug, the fungal cultures were inoculated onto MEA plates containing host plant water extract. After 20 days of incubation at 25°C, the cultures were cut into plugs 10 mm in diameter and 4 mm in thickness using a cork borer. The agar plugs were placed on the agar medium seeded with test microorganisms. The plates were initially kept at 4°C for 7 days to allow diffusion of bioactive compounds, and then incubated at either 37°C (bacteria and yeast) or 30°C (fungi The plant water extract was prepared by boiling 2.5 g of the dried plant material powder in 500 mL distilled water for 30 min. The extract was filtered and mixed with freshly prepared culture media and autoclaved at 121°C for 15 min.
Cultivation and extraction:
The inoculum was prepared by introducing 2 mycelial agar plugs into 250 mL Erlenmeyer flasks containing 100 mL of YES broth (with addition of plant water extract) as a culture medium. Mycelial agar plugs (1.0 cm in diameter and 4.0 mm thickness) were excised from the periphery of 7 d old fungal culture. The cultures were cultivated at 30°C under static conditions for 20 d. The fermented broth and fungal biomass were separated by filtration using filter paper (Whatman No. 1, England). The fungal biomass was freeze-dried and then macerated in methanol (1:50, w/v) overnight. The extracts were then concentrated to dryness in a rotary evaporator to obtain a crude extract paste. The filtered broth was then extracted thrice with equal volumes of ethyl acetate (1:1, v/v). The upper organic phase was concentrated to dryness under reduced pressure using a rotary evaporator to obtain a crude paste. Due to the antimicrobial activities exhibited by S. macrophylla, a control was included by extracting the sterile medium following exactly the same procedure as that for the endophytic fungal cultures.
Disc diffusion assay (secondary screening):
The disc diffusion assay was performed according to the Clinical and Laboratory Standards Institute (CLSI) standard M2-A9 [23] and M44-A [24] . Fungal extracts were dissolved in 1% DMSO. Sterile Whatman antibiotic discs, impregnated with 20 μL of each extract with a concentration of 20 mg/mL, were then placed on the surface of the inoculated medium. One percent DMSO was applied as a negative solvent control, 30 μg chloramphenicol was used as the positive control for bacteria, and 30 μg ketoconazole for fungi and yeasts. Then the discs were placed on agar plates seeded with bacteria, yeasts or fungi. The plates were incubated at 37°C for 16-18 h for bacteria, and 24-48 h for yeasts, and 30°C for 48-96 h for fungi. The diameter of the inhibition zones surrounding the discs was measured. All experiments were repeated 3 times.
